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(54) Surface acoustic wave device and communication device employing the surface acoustic 
wave device 



(57) The present invention provides a novel surface 
acoustic wave device enabling increase in electrode 
width without generating MEL and capable of operating 
in a high-frequency band higher than or equal to the UHF 
band, and to provide a communication device not requir- 
ing any down-converter which is indispensable to the 
conventional high-frequency communication device, and 
capable of being manufactured at a reduced cost 

A surface acoustic wave device is provided with an 
electrode structure meeting conditions represented by: 
s + m = (2n + I)l7(4k) t where L is electrode period not 
taking into consideration a polarity of an interdigital trans- 
ducer, m is electrode line width, s is minimum electrode 
gap width, and n and k are natural numbers. The surface 
acoustic wave device is used as the demodulator of a 
communication device. 

The surface acoustic wave device enables increase 
in electrode width without generating MEL and is capable 
of operating in a high-frequency band higher than or 
equal to the UHF band. A communication device incor- 
porating the surface acoustic wave device of the present 
invention need not be provided with any down-converter, 
and hence the communication device has a simple circuit 
configuration and can be manufactured at a low cost. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a surface acoustic 
wave device, and a communication device employing the 
surface acoustic wave device. More particularly, the 
present invention relates to a spread spectrum (herein- 
after abbreviated to "SS") communication system and a 
communication device suitable for SS communication 
system. 

Description of the Related Art 

Recently, an SS communication system for commu- 
nication devices, having high noise resistance and excel- 
lent privacy function has become an object of attention. 

Generally, in the SS communication system, an SS 
signal, i.e., a transmit signal, is a signal spread in a very 
wide frequency band produced by the SS-modulation of 
a carrier wave in a narrow frequency band obtained by 
modulating information to be transferred by a base band 
signal, by a predetermined code series having a prede- 
termined high bit rate. 

When receiving a signal SS-modulated by a direct 
modulation system using, for example, a pseudo noise 
(hereinafter abbreviated to "PN") code series, by such 
an SS communication system, a demodulator for 
demodulating the SS signal uses the same PN code as 
the PN code used by a transmitting device for SS-mod- 
ulation, and extracts the received SS signal as an infor- 
mation bit signal only when the received SS signal 
coincides with the PN code. 

The SS signal SS-modulated by using such a given 
code has a frequency band far wider that the frequency 
band for an ordinary communication system, and hence 
the SS signal is resistant to noise, has a low power spec- 
trum density and excellent privacy function. Therefore, 
the SS signal is difficult to wiretap. Using a predeter- 
mined code, such as a PN code, for SS-modulation and 
SS-demodulation, the SS communication system need 
not take frequency assignment into consideration 
whereas the ordinary communication system needs to 
assign frequencies to avoid interference. Therefore the 
SS communication system is not subject to a frequency 
shortage problem in assigning frequencies to communi- 
cation stations due to increase in communication sta- 
tions. 

However, communication devices of the SS commu- 
nication system usually are very costly because these 
communication devices need a large-scale integrated 
circuit and, therefore, the use of these communication 
devices has been limited to military communication or 
satellite communication. 

A demodulator for demodulating an SS signal, 
employing a surface acoustic wave device as a matched 
filter and a delaying circuit for delaying an output corre- 



lation peak of the matched filter by one period of a PN 
code, proposed in, for example, Japanese Patent Laid- 
open (Kokai) No. 4-346528 is a communication device 
of the SS system having a simple configuration, and 

s capable of being fabricated at a low cost and of high- 
speed signal processing. 

A split-connect type surface acoustic wave device 
mentioned in "1973 ULTRASONICS SYMPOSIUM Pro- 
ceedings", pp. 407-409 is employed as a surface acous- 

10 tic wave device in such a demodulator. This surface 
acoustic wave device has an electrode line width and an 
electrode gap width equal to 1/8 of the wavelength of a 
surface wave of a frequency corresponding to the center 
frequency of the filter and pairs of electrode digits alter- 

75 nately connected to electrodes of different polarities, to 
suppress mass-electrical-loading (hereinafter abbrevi- 
ated to "MEL") due to the difference in acoustic imped- 
ance to surface waves between portions provided with 
electrodes and those not provided with electrodes. 

20 SS signals of frequencies in a frequency band of 100 
to 1 50 MHz are preferable for this known communication 
device. When SS communication is performed by using 
SS signals of frequencies in a frequency band having, 
for example, a center frequency of 2.4 GHz and higher 

25 than or equal to the UHF band, the GHz band frequency 
of an SS signal is reduced to a frequency in a low fre- 
quency band, for example, a MHz band, the SS signal is 
converted into a correlation output with a PN code by a 
matched filter 35, the correlation output is multiplied by 

30 a signal provided one bit before the correlation output by 
a delaying circuit 36 by mixer 37 for demodulation, and 
the waveform of the output signal of the mixer 37 is con- 
verted into digital rectangular waveform by a hold wave- 
form shaping circuit 38 as shown in Fig. 14, because a 

35 surface acoustic wave device as a matched filter 35, and 
a surface acoustic wave device as a delaying circuit 36 
are unable to deal with signals of frequencies in a fre- 
quency band higher than or equal to the UHF band. 
Therefore, the communication device that uses signals 

40 of frequencies in a frequency band higher than or equal 
to the UHF band needs a down-converter 33 for reducing 
the frequencies of SS signals. 

The down-converter 33 needs an oscillator, which 
increases the cost and hampers miniaturization. In a 

45 communication device provided with a modulator and a 
demodulator, the down-converter 33 becomes a source 
of interference when the modulator performs SS-modu- 
lation. 

If the surface acoustic wave device used as a 
so matched filter is able to deal with signals of frequencies 
higher than or equal to those in the UHF band, the down- 
converter 33 is unnecessary. However, the electrodes of 
the conventional surface acoustic wave device has a 
small electrode line width when the center frequency of 
55 the filter is high. For example, the electrode line width 
must be 0.2 urn or below to make a filter having a center 
frequency of 2.4 GHz. It is difficult to form electrode lines 
of such a small electrode line width by the conventional 
photolithography. If a solid type electrode structure in 
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which alternate electrode digits are connected to com- 
mon electrodes of different polarities, is employed, the 
electrode line width may be doubled, and can be formed 
by the conventional photolitholography. However, MEL 
occurs to deteriorate the filtering characteristics entailing 
the deterioration of the performance of the communica- 
tion device. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide, to 
solve the foregoing problems, a communication device 
capable of being formed in a solid type electrode con- 
struction without deteriorating filtering characteristics, 
not requiring any down-converter, and capable of is 
demodulating SS signals of frequencies higher than or 
equal to those in the UHF band, and to provide a surface 
acoustic wave device capable of realizing such a com- 
munication device. 

With the foregoing object in view, the present inven- 20 
tion provides a communication device provided with a 
demodulator comprising a receiving means for receiving 
SS-modulated information signals of frequencies higher 
than or equal to those in the UHF band, produced by 
expanding a communication frequency band relative to 25 
a information frequency band by using a PN code series, 
a matched filter for converting the SS-modulated infor- 
mation signals into correlation outputs in connection with 
the PN code series, a delaying means for delaying the 
output signal of the matched filter by one bit, and a 30 
demodulating means for demodulating the PN code 
series through the multiplication of the output signal of 
the matched filter and that of the delaying means. 

Surface acoustic wave devices meeting conditions 
represented by: 35 

s + m = (2n + I)l7(4k) 

where L is electrode period not taking into consideration 
polarity inversion corresponding to the PN code of a solid 40 
interdigital transducer for converting electric signals into 
surface acoustic waves, m is electrode line width, s is 
minimum electrode gap width, and n and k are natural 
numbers, are used as the matched filter and the delaying 
means of the communication device. 45 

As will be described in detail below in connection 
with the preferred embodiments, the surface acoustic 
wave device provided with a solid interdigital transducer 
of the aforesaid construction is able to cancel MEL on 
the end of the electrode line without being formed in a so 
split-connect type surface acoustic wave device which 
has been essential to deal with signals of frequencies 
higher than or equal to those in the UHF band, and the 
electrode line width may be greater than that of the con- 
ventional surface acoustic wave device. Therefore, the ss 
filtering characteristics are not deteriorated, and the sur- 
face acoustic wave device can be easily mass-produced. 

The communication device employing the surface 
acoustic wave device does not need any down-converter 
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which has been necessary, to receive SS signals of fre- 
quencies in a GHz band. Therefore, the communication 
device has a simple circuit configuration, can be fabri- 
cated at a reduced cost and can be miniaturized. Fur- 
thermore, the communication device is capable of 
transmitting information at a transmission rate far higher 
than that of the conventional communication device. 

The surface acoustic wave device of the present 
invention capable of dealing with high-frequency signals 
of frequencies higher than or equal to those in the UHF 
band need not be of the split-connect type having elec- 
trode lines which are difficult to form, and may be pro- 
vided with electrode lines having an increased electrode 
line width without generating MEL Therefore, the sur- 
face acoustic wave device of the present invention can 
be easily mass-produced and is capable of operating in 
a high-frequency band. 

The use of the surface acoustic wave device of the 
present invention enables the omission of the down-con- 
verter, which has been indispensable for receiving sig- 
nals of a center frequency higher than or equal to those 
in the UHF band, the surface acoustic wave device of the 
present invention has a simple circuit configuration and 
enables the realization of a miniaturized, low-cost com- 
munication device. Furthermore, the communication 
device of the present invention is capable of transmitting 
information at a high transmission rate far higher than 
that of the conventional communication device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features and advantages 
of the present invention will become more readily appar- 
ent from the following detailed description when taken in 
conjunction with the accompanying drawings wherein: 

Fig. 1 is a typical view of a matched filter type surface 
acoustic wave device in accordance with the present 
invention; 

Fig. 2 is a typical view of assistance in explaining 
electrode period L, electrode line width m and min- 
imum electrode gap width s of a surface acoustic 
wave device of the present invention, and unwanted 
reflected waves (MEL); 

Fig. 3 is a typical view of part of a surface acoustic 
wave device in a first embodiment according to the 
present invention; 

Fig. 4 is a diagram showing an impulse characteris- 
tic of the first embodiment; 
Fig. 5 is a graph showing the frequency character- 
istic of the matched filter type surface acoustic wave 
device in the first embodiment; 
Fig. 6 is a graph showing the correlation signal 
response characteristic of the matched filter type 
surface acoustic wave device in the first embodi- 
ment; 

Fig. 7 is a typical view of part of a surface acoustic 
wave device in a second embodiment according to 
the present invention; 
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Fig. 8 is a typical view of part of a surface acoustic 
wave device in a third embodiment according to the 
present invention; 

Fig. 9 is a typical view of a surface acoustic wave 
device in a fourth embodiment according to the 
present invention; 

Fig. 10 is a typical view of a surface acoustic wave 
device in a fifth embodiment according to the 
present invention; 

Fig. 1 1 is a typical view of a surface acoustic wave 
device in a sixth embodiment according to the 
present invention; 

Fig. 12 is a graph showing the frequency character- 
istic of the surface acoustic wave device in the sixth 
embodiment; 

Fig. 13 is a block diagram of a radio data communi- 
cation system in a seventh embodiment according 
to the present invention; 

Fig. 14 is a block diagram of a conventional radio 
data communication system; 
Fig. 1 5 is a graph showing the frequency character- 
istic of a conventional matched fitter type surface 
acoustic wave device; 

Fig. 16 is a graph showing the correlation signal 
response characteristic of the conventional matched 
filter surface acoustic wave device; and 
Fig. 1 7 is a typical view of a cable LAN system and 
a radio LAN system. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



where L is electrode period, m is electrode line width, s 
is minimum electrode gap width, and k is a natural 
number. 

As shown in Fig. 2, four reflected waves A, B, C and 
5 D are emitted by the interdigital transducer in one period 
at the center frequency. When the coefficient of the MEL 
of the end of the electrode line is y, the reflected wave A 
is y. Since the reflected wave B is delayed by 2m corre- 
sponding to a distance twice the electrode line width and 
10 the phase of the reflected wave B is inverted because 
the wave B is reflected toward a free plane, the reflected 
wave B is defined by: 



15 

Similarly, the reflected wave C is defined by: 

-ye X ° (3) 

20 The reflected wave D is defined by: 

- Y e "° (4) 

Accordingly, the total reflected wave rdue to the MEL of 
25 the interdigrtal transducer in one period is expressed by: 

r = y(l-e ° + e 0 -e 0 ) (5) 

Rearranging expression (5), 

30 4nJ— 4nj— - 

r = y(l-e *°)(l + e "° ) (6) 



Preferred embodiments of the present invention will 
be described hereinafter with reference to Figs. 1 to 16. 

Fig. 1 is a typical view of a surface acoustic wave 
device in a preferred embodiment according to the 
present invention. An input interdigital transducer 2 and 
an output interdigital transducer 3 are formed on a sur- 
face acoustic wave substrate 1 . The end surfaces of the 
surface acoustic wave substrate 1 are coated with a 
sound absorbing material 4 to suppress reflected waves 
from the end surfaces. The electrode lines of the input 
interdigital transducer 2 are interlocked regularly without 
inverting the polarity. The electrical polarities of the elec- 
trode lines are dependent on those of an upper and a 
lower common electrode to which the electrode lines are 
connected. The electrode lines of the output interdigital 
transducer 3 are interlocked so as to correspond a PN 
code, for example. [110 1 0]. 

The suppression of MEL and a solid interdigital 
transducer structure permitting the enlargement of elec- 
trode line width will be described with reference to Fig. 
2. As shown in Fig. 2, conditions for exciting or receiving 
waves in the same phase at a center frequency (wave- 
length of Xo) by an interdigital transducer are defined by: 

L = k-X 0 (1) 



An MEL suppressing condition can be determined by 
solving expression (6) = 0. 

A solution to make the first term zero is that in which 
the electrode line width m is an integral multiple of the 
wavelength Xo, the intensity of excitation of the surface 
wave is very low, and the electrode line width must be 
formed in a very high accuracy, which are troublesome 
and practically difficult. A solution to make the second 
term zero is: 

s + m = (2n , + l)X 0 /4 (7) 



s + m= X 0 /4 (8) 

and therefore, at least either the electrode line width m 
or the minimum electrode gap width s is not greater than 
V8. and hence the electrode lines cannot be formed in 
an electrode line width and a minimum electrode gap 
width greater than those of the electrode lines of the con- 
ventional split-connect type surface acoustic wave 
55 device. 

Therefore, conditions for forming the electrode lines 
in an electrode line width greater than that of the elec- 
trode lines of the conventional surface acoustic wave 
device and for making MEL = 0 are expressed by: 



40 



45 where n' is an integer other than zero. If n' = 0, 
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s + m = (2n + l)X 0 /4 (9) 

where n is a natural number. From expressions (9) and 
(1). conditions for the electrode structure are expressed 
by: 

s + m = (2n + l)U(4k) (10) 

When those conditions are satisfied, the electrodes need 
not be formed in a very high accuracy regardless of the 
metallization ratio, (electrode line width m)/(electrode 
period L). 

When the electrode line width m is equal to the min- 
imum electrode gap width s, troubles, such as short cir- 
cuit and disconnection, can be avoided. In such a state, 
expression (10) is rewritten as: 

s = m = (2n + l)U(8k) (11) 

In a first embodiment of the present invention, the 
electrode line width m and the minimum electrode gap 
width s of the surface acoustic wave device are deter- 
mined by substituting n = 2 and k = 3 into expression (11). 

s = m = 5A. 0 /8 ( 12 ) 
L = 3* 0 (13) 
s = m = 5U24 (14) 

Thus, the electrode line width and the minimum elec- 
trode gap width are five times those of the conventional 
split-connect type electrode structure. For example, 
when the center frequency is 2.4 GHz, the electrode line 
width of the conventional split-connect type electrode 
structure is 0.16 ^m and electrode lines of such an elec- 
trode line width are difficult to form, whereas the elec- 
trode line width of this embodiment is 0.8 \im and the 
electrode lines of such an electrode line width can be 
comparatively easily mass-produced. 

Fig. 4 shows an impulse response function of the 
electrodes corresponding to those shown in Fig. 3. In Fig. 
4, continuous lines indicate excited parts, and broken 
lines indicate unexcited parts. As is obvious from Fig. 4, 
a desired center frequency of the filter is that of the third 
harmonic wave of the fundamental wave of a wavelength 
equal to the electrode period L, i.e. , a wave having peaks 
corresponding to the arrows indicated by continuous 
lines. 

In this embodiment, the desired center frequency of 
the filter is 2.484 GHz. and the number of the pairs of 
electrodes, i.e., the number of repetition of the electrode 
period L, of the input interdigital transducer 2 is 63. In the 
output interdigital transducer 3, small groups each of two 
pairs of electrodes corresponding to the number of rep- 
etition of the period L are arranged at periods of 190Ao 
in polarities corresponding to the 13-chip barker code 
series. 
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Fig. 5 shows the frequency characteristic of the sur- 
face acoustic wave device in this embodiment. The fre- 
quency characteristic corresponds to the barker code 
series. Fig. 6 shows the response characteristic of the 

5 surface acoustic wave device in this embodiment to an 
input signal of 2.484 GHz modulated by the barker code 
series. As is known from Fig. 6, a comparatively large 
correlation signal is obtained, which proves that the 
present invention is effective. It is apparent that the 

10 present invention is effective when the PN code series 
is used instead of the barker code series. 

Fig. 7 shows part of a surface acoustic wave device 
in a second embodiment according to the present inven- 
tion. The electrode line width m and the minimum elec- 

75 trode gap width s are determined by substituting n = 3 
and k = 5 into expression (11). 

s = m = 7X 0 /8 (15) 

20 L = 5X 0 (16) 

s = m = 7L740 (17) 

This surface acoustic wave device has a further 
25 increased electrode line width and a further increased 
minimum electrode gap width, which are seven times 
those of the conventional split-connect type surface 
acoustic wave device. For example, the electrode line 
width is 1 . 1 urn when the center frequency is 2.484 GHz. 
30 The electrode lines of the second embodiment can be 
formed in an electrode line width greater than that of the 
electrode lines of the first embodiment The surface 
acoustic wave device in the second embodiment can be 
mass-produced more easily than that in the first embod- 
35 iment. 

Fig. 8 shows part of a surface acoustic wave device 
in a third embodiment according to the present invention. 
The electrode line width m and the minimum electrode 
gap width s are determined by substituting n = 4 and k 
40 =5 into expression (11). 

s = m = 9X 0 /8 (18) 

L = 5X 0 (19) 

45 

S = m = 9L740 (20) 

In the third embodiment, the electrode line width and the 
minimum electrode gap width can be further increased. 

so The electrode line width and the minimum electrode gap 
width in the third embodiment are 9 times those of the 
conventional split-connect type surface acoustic wave 
device. For example, the electrode line width is 1.4 urn 
when the center frequency is 2.484 GHz, which is greater 

55 than the electrode line width of 1.1 urn in the second 
embodiment. Thus the surface acoustic wave device in 
the third embodiment can be mass-produced more eas- 
ily than the surface acoustic wave device in the second 
embodiment. 
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In the second embodiment the minimum electrode 
gap width between the largest electrodes is 19W8, 
which is comparatively large. Since the difference 
between the minimum electrode gap width between the 
largest electrodes and the minimum electrode gap width 
of 7V8 between the electrodes is very large, the inten- 
sity of excitation is irregular and hence the characteris- 
tics are liable to deteriorate. In the third embodiment, 
since the difference between the minimum electrode gap 
of 9Xo/8 and the minimum electrode gap width of 13V8 
between the largest electrodes is not very large, the 
characteristics do not deteriorate significantly. 

Although the frequency characteristics of the sec- 
ond and third embodiments corresponding to the barker 
code series are not shown, obviously, the frequency 
characteristics of the second and third embodiments are 
equal or superior to those of the first embodiment. Nat- 
urally, the second and third embodiments may use the 
PN code series instead of the barker code series. 

Generally, surface acoustic wave devices employ a 
substrate of UNb0 3 , LiTa0 3 or the like. The present 
invention employs a substrate of ST cut quartz for the 
effective prevention of the variation of the center fre- 
quency. Although not exactly comparable to ST cut 
quartz, LiNb0 3 and LiTa0 3 exert remarkable effects. 

A surface acoustic wave device in a fourth embodi- 
ment according to the present invention will be described 
below with reference to Fig. 9, in which parts like or cor- 
responding to those of the first embodiment are desig- 
nated by the same reference characters. 

In the fourth embodiment, a surface acoustic wave 
substrate 1 is mounted on a ceramic base 8, and inter- 
digital transducers formed on the surface acoustic wave 
substrate 1 are connected to bonding pads formed on 
the ceramic base 8 with wires 7. The surface acoustic 
wave substrate, the wires 7 and the bonding pads are 
covered entirely with a cap seal 6. The ceramic base is 
less easily coupled with electromagnetic waves, and it is 
difficult for signals to pass through the ceramic base. 
Therefore, the surface acoustic wave device has excel- 
lent frequency characteristics and is capable of recog- 
nizing surface acoustic wave signals of frequencies 
higher than or equal to those in the UHF band, such as 
frequencies in the GHz band. 

A fifth embodiment will be described with reference 
to Fig. 10, in which parts like or corresponding to those 
of the fourth embodiment are designated by the same 
reference characters. In this embodiment, a ceramic 
base 9 is formed so as to surround a surface acoustic 
wave substrate 1 in order that interdigital transducers 
formed on the surface acoustic wave substrate can be 
connected to bonding pads formed on the ceramic base 
9 with comparatively short wires 7. The surface acoustic 
wave substrate and the ceramic base 9 are covered with 
a cap seal 10. Since the wires of this embodiment are 
shorter than those of the fourth embodiment, electro- 
magnetic waves are less liable to be generated and this 
embodiment is superior to the fourth embodiment in 
high-frequency characteristics. Thus the surface acous- 



tic wave device is capable of recognizing surface acous- 
tic wave signals of frequencies higher than or equal to 
those in the UHF band, such as frequencies in the GHz 
band. 

5 A sixth embodiment will be described with reference 
to Fig. 1 1 , in which parts like or corresponding to those 
of the first embodiment are designated by the same ref- 
erence characters. In this embodiment, both an input 
interdigital transducer 11 A and an output interdigital 

10 transducer 11B have regularly interlocked electrode 
lines. Fig. 12 shows the characteristics of the surface 
acoustic wave device in this embodiment. The charac- 
teristics of the surface acoustic wave device in this 
embodiment are similar to those of a generally known 

15 transversal type filter, which indicates that the surface 
acoustic wave device in the sixth embodiment can be 
applied to uses other than those to which the matched 
filter of the first embodiment can be applied, such as a 
delaying line filter. 

20 Fig. 13 is a block diagram of a communication device 
incorporating a surface acoustic wave device in accord- 
ance with the present invention (in this example, the 
center frequency is 2.484 GHz). 

In a transmitting unit, a mixer 1 4 mixes a rectangular 

25 wave digital information code applied to an input terminal 
12, and a PN signal generated by a PN code generator 
13 (in this embodiment, a barker code series is used), 
and provides an SS signal, a mixer 16 mixes the SS sig- 
nal and a carrier generated by an oscillator 15, and pro- 

30 vides a modulated signal of a frequency in a GHz band 
(in this embodiment, 2.484 GHz). An amplifier 17 ampli- 
fies the modulated signal provided by the mixer 16 and 
applies an output signal to an antenna 18. 

In a receiving unit, a first amplifier 19 amplifies an 

35 SS signal received by the antenna 18, a matched filter 
type surface acoustic wave device 20 of the present 
invention converts the SS signal into a correlation output 
signal in connection with a PN code, a mixer 22 multiplies 
the correlation output signal by a signal preceding the 

40 correlation output signal by one bit and delayed by the 
delaying line element of a transversal type surface 
acoustic wave device 21 of the present invention, and 
provides a demodulated signal. A hold waveform shap- 
ing circuit 23 converts the demodulated signal into a dig- 

45 rtal rectangular wave, and applies an output signal to an 
output terminal 24. Since this embodiment demodulates 
a high-frequency signal directly, the circuit configuration 
is simplified, and the communication device can be min- 
iaturized and can be fabricated at a low cost. Since infor- 

50 mation signals of high frequencies higher than or equal 
to those in the UHF band are transmitted or received, the 
information transmitting rate of 1 to 2 Mbps of the com- 
munication device is obtained far higher than the infor- 
mation transmitting rate of 126 kbps of the aforesaid 

55 conventional communication device. 

Figs. 1 5 and 1 6 show the frequency characteristics 
and the output correlation signal, respectively, of the con- 
ventional matched filter type surface acoustic wave 
device 35. As mentioned above, the conventional com- 
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munication device is incapable of directly demodulating 
a high-frequency signal of frequency higher than or equal 
to those in the UHF band and needs to convert such a 
high-frequency signal into a signal of a low frequency 
(260 MHz in Fig. 15). Therefore the conventional com- 
munication device needs a down-converter, which 
makes the circuit configuration complex. Since the sur- 
face acoustic wave device of the present invention has 
frequency characteristics as shown in Fig. 5 and pro- 
vides an output correlation signal as shown in Fig. 6, the 
communication device incorporating the surface acous- 
tic wave device of the present invention need not be pro- 
vided with any down-converter. 

Fig. 1 7 is a typical view of a cable LAN system and 
a radio LAN system employing communication devices 
of the present invention similar to the communication 
device of Fig. 13. Shown in Fig. 1 7 are a cable LAN sys- 
tem 40, information terminals 41 , 46, 47 and 50, such as 
personal computers, EWSs and facsimile terminals, and 
communication devices 42, 43, 44, 45, 48 and 49 similar 
to the communication device of Fig. 13. 

For example, when it is intended to transfer informa- 
tion from the information terminal 41 to the information 
terminal 46, the information is transmitted by a commu- 
nication method that uses SS communication and a 
cable LAN system in combination if the information ter- 
minal 46 is at such a great distance from the information 
terminal 41 that SS signals are unable to reach the infor- 
mation terminal 46 or if the quantity of the information to 
be transmitted is very large. 

First the communication device 42 processes the 
information signal of the information terminal 41 for SS- 
modulation and sends the SS-moduIated information 
signal to the communication device 43 of the cable LAN 
system 40. Then, the communication device 43 demod- 
ulates the SS-modulated information signal and gives 
the demodulated information signal to the cable LAN 
system 40. Then, the communication device 44 proc- 
esses the demodulated information for SS-modulation to 
give the SS-modulated information signal to the commu- 
nication device 45, and the communication device 45 
demodulates the SS-modulated information signal. 
Thus, the information is transferred from the information 
terminal 41 to the information terminal 46. 

Information provided by the information terminal 46 
can be transmitted to the information terminal 41 by the 
same procedure or information can be exchanged 
between the information terminals 41 and 46 by the 
same procedure. 

Transmission of an information signal provided by 
the information terminal 47 to the information terminal 
50 through the radio LAN system which does not need 
the cable LAN system, will be described below. The com- 
munication device 48 processes an information signal 
provided by the information terminal 47 for SS-modula- 
tion and transmits the SS-modulated signal to the com- 
munication device 49. The communication device 49 
demodulates the input SS-modulated signal and gives 
the demodulated signal, i.e., the information signal pro- 



vided by the information terminal 47, to the information 
terminal 50. Information provided by the information ter- 
minal 50 can be transmitted to the information terminal 
47 by the same procedure or information can be 
5 exchanged between the information terminals 47 and 50 
by the same procedure. 

When information need not be exchanged between 
the information terminals and only one-way communica- 
tion is necessary in each of those LAN system, the trans- 
it? mitting communication device may comprise only a 
modulator capable of processing an information signal 
for SS-modulation, and the receiving communication 
device may comprise only a demodulator capable of 
demodulating the SS-modulated information signal, 
is which will further simplify the circuit configuration of the 
communication device and will enable the miniaturiza- 
tion of the communication device and the reduction of 
the cost of the communication device. 

The invention may be embodied in other specific 
20 forms without departing from the spirit or essential char- 
acteristics thereof. The present embodiments are there- 
fore to be considered in all respects as illustrative and 
not restrictive, the scope of the invention being indicated 
by the appended claims rather than by the forgoing 
25 description and all changes which come within the 
meaning and range of equivalency of the claims are 
therefor indicated to be embraced therein. . 
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Claims 



1 . A surface acoustic wave device comprising a sur- 
face acoustic wave substrate and a solid interdigital 
transducer for converting electric signals into sur- 
face acoustic waves and converting surface acoustic 
35 waves into electric signals, 

said interdigital transducer meeting condi- 
tions expressed by: 



40 



s + m = (2n + l)L/(4k) 

where L is electrode period, m is electrode line 
width, s is minimum electrode gap width, and n and 
k are natural numbers. 



45 2. A surface acoustic wave device according to claim 

1, wherein an input solid interdigital transducer for 
converting input electric signals into surface acous- 
tic waves and an output solid interdigital transducer 
for converting the surface acoustic waves into elec- 

so trie signals are arranged on the surface acoustic 
wave substrate, the electrode lines of either the input 
solid interdigital transducer or the output solid inter- 
digital transducer are interlocked according to a spe- 
cific signal code, and a correlation signal is provided 

55 only when a signal corresponding to the specified 
signal code is given. 

3. A surface acoustic wave device according to claim 

2, wherein said surface acoustic wave substrate is 
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mounted on a support base formed of a ceramic 
material. 

4. A surface acoustic wave device according to claim 
2, wherein an input solid interdigrtal transducer for 
converting input electric signals into surface acous- 
tic waves and an output solid interdigrtal transducer 
for converting the surface acoustic waves into elec- 
tric signals are arranged on the surface acoustic 
wave substrate, and both the input solid interdigital 
transducer and the output solid interdigital trans- 
ducer are formed by regularly arranging electrode 
lines. 

5. A surface acoustic wave device according to claim 
4, wherein said surface acoustic wave substrate is 
mounted on a support base formed of a ceramic 
material. 

6. A surface acoustic wave device according to claim 
1 , wherein said solid interdigital transducer meets 
conditions expressed by: 

s = m = (2n + l)L/(8k) 

where L is electrode period, m is electrode line 
width, s is minimum electrode gap width, and n and 
k are natural numbers. 

7. A surface acoustic wave device according to claim 

6, wherein an input solid interdigital transducer for 
converting input electric signals into surface acous- 
tic waves and an output solid interdigital transducer 
for converting the surface acoustic waves into elec- 
tric signals are arranged on the surface acoustic 
wave substrate, the electrode lines of either the input 
solid interdigital transducer or the output solid inter- 
digital transducer are interlocked according to a spe- 
cific signal code, and a correlation signal is provided 
only when a signal corresponding to the specified 
signal code is given. 

8. A surface acoustic wave device according to claim 

7, wherein said surface acoustic wave substrate is 
mounted on a support base formed of a ceramic 
material. 

9. A surface acoustic wave device according to claim 
6, wherein an input solid interdigital transducer for 
converting input electric signals into surface acous- 
tic waves and an output solid interdigital transducer 
for converting the surface acoustic waves into elec- 
tric signals are arranged on the surface acoustic 
wave substrate, and both the input solid interdigital 
transducer and the output solid interdigital trans- 
ducer are formed by regularly arranging electrode 
lines. 



10, A surface acoustic wave device according to claim 
9, wherein said surface acoustic wave substrate is 
mounted on a support base formed of a ceramic 
material. 

5 

1 1 , A communication device comprising: 

a receiving means for receiving, according to 
a pseudo noise series, high-frequency information 
signals of frequencies higher than or equal to those 
to in the UHF band modulated into spread spectrum 
signals that spread a communication frequency 
band relative to an information frequency band; 

a matched filter that converts the spread 
spectrum signals into a correlation output represent- 
is ing the correlation between the spread spectrum sig- 
nals and the pseudo noise series; 

a delaying means for delaying the output sig- 
nals of the matched filter by one bit; and 

a demodulating means for demodulating the 
20 pseudo noise series by multiplying the output signal 
of the matched filter by the output signal of the delay- 
ing means; 

the matched filter and the delaying means 
having a surface acoustic wave device meeting con- 
25 ditions expressed by: 

s + m = (2n + l)U(4k) 

where L is electrode period that does not take into 
30 consideration polarity inversion corresponding to 
the PN code of a solid interdigital transducer that 
converts electric signals into surface acoustic 
waves, m is electrode line width, s is minimum elec- 
trode gap width, and n and k are natural numbers. 

35 

12, A communication device according to claim 11, 
wherein the surface acoustic wave device of the 
matched filter comprises a surface acoustic sub- 
strate, and an input solid interdigital transducer for 

40 converting input electric signals into surface acous- 
tic waves and an output solid interdigital transducer 
for converting the surface acoustic waves into elec- 
tric signals arranged on the surface acoustic wave 
substrate, the electrode lines of either the input solid 

45 interdigital transducer or the output solid interdigital 
transducer are interlocked according to a specific 
signal code, and a correlation signal is provided only 
when a signal corresponding to the specified signal 
code is given, and 

so wherein the surface acoustic device of the 

delaying means comprises a surface acoustic sub- 
strate, and an input solid interdigital transducer for 
converting input electric signals into surface acous- 
tic waves and an output solid interdigital transducer 

55 for converting the surface acoustic waves into elec- 
tric signals arranged on the surface acoustic wave 
substrate, and both the input solid interdigital trans- 
ducer and the output solid interdigital transducer are 
formed by regularly arranging electrode lines. 
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13. A communication device according to claim 11, 
wherein the matched filter and the delaying means 
have a demodulator serving as a surface acoustic 
wave device meeting conditions expressed by: 

5 

s = m = (2n + l)LV(8k) 

where L is electrode period that does not take into 
consideration polarity inversion corresponding to 
the PN code of a solid interdigital transducer, m is to 
electrode line width, s is minimum electrode gap 
width, and n and k are natural numbers. 

14. A communication device according to claim 13, 
wherein the surface acoustic wave device of the is 
matched filter comprises a surface acoustic sub- 
strate, and an input solid interdigital transducer for 
converting input electric signals into surface acous- 
tic waves and an output solid interdigital transducer 

for converting the surface acoustic waves into elec- 20 
trie signals arranged on the surface acoustic wave 
substrate, the electrode lines of either the input solid 
interdigital transducer or the output solid interdigital 
transducer are interlocked according to a specific 
signal code, and a correlation signal is provided only 25 
when a signal corresponding to the specified signal 
code is given, and 

wherein the surface acoustic device of the 
delaying means comprises a surface acoustic sub- 
strate, and an input solid interdigital transducer for 30 
converting input electric signals into surface acous- 
tic waves and an output solid interdigital transducer 
for converting the surface acoustic waves into elec- 
tric signals arranged on the surface acoustic wave 
substrate, and both the input solid interdigital trans- 35 
ducer and the output solid interdigital transducer are 
formed by regularly arranging electrode lines. 
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